Objective. This review evaluates the underlying training components currently used in task-oriented training and assesses the effects of these components on skilled arm-hand performance in patients after a stroke. Methods. A computerized systematic literature search in 5 databases (PubMed, CINAHL, EMBASE, PEDro, and Cochrane) identified randomized clinical trials, published through March 2009, evaluating the effects of task-oriented training. Relevant article references listed in publications included were also screened. The methodological quality of the selected studies was assessed with the Van Tulder Checklist. For each functional outcome measure used, the effect size (bias corrected Hedges's g) was calculated.
Introduction
Stroke leaves approximately 50% of its survivors disabled with regard to arm-hand performance, often for the rest of their lives.
1,2 With increasing stroke incidence and prevalence, 3 arm-hand performance problems are likely to occur more frequently and increase the burden on the health system substantially in the coming decades.
Rehabilitation after stroke has evolved in the past 15 years from analytical training approaches to task-oriented training approaches that involve training of "basic functions," "skills," and "endurance" (at muscular and cardiovascular levels). 4 The task-oriented training approach matches patient training preferences 5 and has been proven to be effective for the improvement of skilled arm-hand performance after stroke. 6, 7 However, French et al 8 did not find supporting evidence for repetitive task training of the paretic upper limb. "Task-oriented training" is, to date, a poorly defined concept. For occupational therapy, Legg et al 9 mention that the exact nature of a successful intervention is vague and the same holds for task-oriented training specifically. Studies reporting on "task training" of the upper extremity after stroke use different intervention durations and intensities and include different kinds of interventions that makes comparison of their treatment effects difficult. Some studies consider the instruction of single-joint and/or single-plane movements to be task-oriented training (eg, reaching, pointing), 10 whereas other studies consider task-oriented training to focus on meaningful complex movements with real-life object manipulation in a real-life environment. 11 This finding emphasizes the need for an operationalization of task-oriented training to define its key characteristics.
Training may consist of different training components, used in several unique combinations. In this article, a "training component" refers to a task-oriented training characteristic with a specific effect on motor learning. For example, "random practice" is a training component that has proven to have positive effects on retention of learned motor actions. 12, 13 To optimize training programs, it is important that components of task-oriented training are identified and their importance for task-oriented training effects known so that they can be used in evidence-based therapies by clinicians and patients. Although the merit of most training components for motor learning has been scientifically investigated in isolated studies, the relative importance of the components for postintervention and follow-up effect sizes is unknown. The authors of this article hypothesize that the success of task-oriented training may, next to factors such as intensity [14] [15] [16] and duration of training, 17 depend on the use of specific "training components."
For future interventions, it will be interesting to know if training effects are larger if more components are used in an intervention. It is possible that "more is better" because training effects caused by individual components add up.
The main objective of this review is to (1) identify taskoriented components that have been used for task-oriented training in randomized clinical trials, (2) investigate if a relationship exists between the number of task-oriented components used in a training intervention and the treatment effect size (ES) of the training intervention, and (3) investigate the influence of each task-oriented arm training component on the functional outcome, that is, skill or activity level.
Methods

Literature Search Strategy
The systematic review is based on articles published until March 2009 and that were selected after a computerized search strategy in the following databases: PubMed, EMBASE, CINAHL, PEDro, and Cochrane. The following Medical Subject Headings (MeSH) were used: ("stroke") AND ("exercise movement techniques" OR "occupational therapy" OR "task performance and analysis" OR "exercise therapy" OR "exercise") AND ("clinical trial") AND ("upper extremity" OR ("activities of daily living" NOT "lower extremity") OR ("motor skills" OR "motor skill disorders"). The abstracts were screened by 2 independent reviewers (AT and AS). In case of disagreement, the opinion of a third reviewer (MM) was asked. Only references that fulfilled inclusion criteria were selected for further analysis and use in this review.
In addition to the database search, articles in the selected papers' reference list that were found to be relevant were checked.
Eligible Studies
Inclusion criteria were the following: (1) The study described should be a randomized clinical trial. (2) At least 1 condition of the trial had to include active task-oriented arm-hand training in (hemorrhagic or ischemic) stroke patients. Constraint-induced movement therapy (CIMT) trials were not considered for the present systematic review because of the lack of comparability with the included trials, because CIMT is characterized by constraining the nonparetic arm and focuses on practice by the affected arm only (the nonaffected arm may serve as a support). Much of the CIMT practice can, however, be considered task oriented 18 and, for activities that are important to the patient, can induce cortical reorganization.
19 ( 3) The task-oriented training should be well described in the article (general descriptions such as "occupational therapy" and "physiotherapy" were not included as they could not be used for training component identification). (4) The studies should use outcome measures at activity level by means of (a) registration of kinematic parameters measured during skilled arm-hand performance or (b) arm-hand performance tests on activity level. (5) Articles had to be written in Dutch, French, English, or German. (6) A minimum of 10 stroke patients had to be included.
Identification of Task-Oriented Training Type
Two reviewers (AT and AS) independently identified 15 training components. Interrater reliability of individual components that were matched to a training intervention was tested with Cohen's k statistic (SPSS). The results of both researchers were compared, and consensus was reached after discussion on the differences.
We agreed to use the following components to mark the interventions that were described in the included articles, namely, the exercises presented can be: (1) (7) performed in increasing difficulty levels (exercise progression), 24 (8) varied (within 1 task), 13 (9) followed by feedback on the exercise performance, 25 (10) exercised in multiple movement planes, (11) included total skill performance, 26 (12) patient customized for training load, 27 (13) offered in random practice, 13 (14) occurred through distributed practice, 22 and (15) composed of bimanual tasks. 28 A more extensive explanation of the categories can be found in the Appendix. These 15 components were selected because they were thought to contain the most important contributors to support motor learning during (and after) task-oriented training.
Methodological Quality Assessment
The methodological quality of the studies was rated using Van Tulder's quality assessment system 29, 30 and scored by 2 independent reviewers (AT and AS). The Van Tulder list consists of internal validity criteria, descriptive criteria, and statistical criteria. The internal validity criteria refer to characteristics of the study that might be related to selection bias, performance bias, attrition bias, and detection bias and should be used to define methodological quality in the meta-analysis. The descriptive criteria refer to the external validity of the study and may be used for the subgroup and sensitivity analyses. The statistical criteria indicate whether calculations can be made and conclusions can be drawn independently of the opinion of the authors of the original study. 29 Interrater reliability of individual items was tested with Cohen's k statistic (SPSS). In case of disagreement, a third reviewer (HS) made the final decision. Using the consensus method, the total Van Tulder score was calculated.
Quantitative Analysis
Hedges's g 31 was chosen to calculate the ES of the different studies selected, because of its good properties for small samples when multiplied by a correction factor that adjusts for small sample bias. 32 Hedges's g was established by calculating the difference between means of the baseline values and postintervention measurement divided by the pooled standard deviation (SD). In cases where means and SDs were not provided in the article, the respective authors of the articles were contacted by e-mail and data were requested.
Given the selected studies, a correlation coefficient (Spearman's r) was calculated between the number of taskoriented components that were used in the studies and the ES reported. In case multiple measurement instruments were used, the outcome measurement providing the largest ES after intervention administration was used. Choosing the largest ES allows components to be linked to their maximal possible treatment effect, which is also in line with the ultimate goal of each therapist.
An inventory was made of the highest ESs for each study in which the component was used. Subsequently, a median effect size (MES) across studies was calculated to enable comparison between components with regard to their relation to treatment outcome. Nonparametric descriptive values were used as the data were not normally distributed. The more a component was used in an intervention with a large ES, the larger the MES will be that is matched to a component.
Based on the classification of Cohen, ESs <0.2 were classified as small, between 0.2 and 0.5 as medium, and >0.5 as large. 33 According to this classification, we assessed whether training components were linked to small, moderate, or large ESs both for postintervention and follow-up.
As the first component "functional" was an inclusion criterion for this review, it was present in all included interventions. The median linked to this component therefore served as a reference value to which the median values of the other studies were compared. A relative median effect size (RMES) per component was calculated by subtracting the MES attributed to the component "functional" from the MES that was attributed to that component and by dividing this difference by the MES of the component "functional."
To assess the influence of poststroke time, training duration, and training intensity, categories were made and MESs of all interventions belonging to a category were calculated. In case of differences in MES between categories, we assessed whether components were spread over the categories (or not). To assess the influence of poststroke time on the conclusions drawn, poststroke time was categorized as follows: (1) acute (between 0 and 30 days poststroke), (2) subacute (between 30 days and 6 months poststroke), and (3) chronic (6+ months poststroke). To assess the influence of training duration on the results of this study, MESs of studies belonging to the following categories were calculated: (1) 3 to 4 weeks training, (2) 5 to 6 weeks training, and (3) 12+ weeks of training. To assess the influence of the training intensity on the results of this study, MESs of studies belonging to following categories were calculated: (1) training less than 3 hours per week, (2) training between 3 and 4 hours per week, and (3) training more than 5 hours per week.
Results
Selection of Studies
The article selection process and results are shown in Figure 1 . From the 362 articles resulting from the literature search, 16 papers were finally selected and analyzed. In 2 articles, 34, 35 both the control and intervention groups were offered task-oriented training. One article 16 reported the follow-up results from another included study 15 ; both studies were further treated as a single study for data extraction. Therefore, a total of 17 interventions were analyzed with regard to task-oriented training type. Three studies (4 articles) 15, 16, 36, 37 did not report the mean and SD information of the results that were needed for ES calculation. As a result, ES calculation could be performed from only 14 interventions. 
Patient Characteristics of Included Studies
In total, the intervention results of 528 patients were studied. All patients had suffered from ischemic or hemorrhagic stroke. The average age of the patients was 68.9 years (range = 38.4-95.1 years). The number of days since stroke on inclusion to the study varied between 5 and 546 days (average = 71.63 days). The average sample size of the group studied was 31 persons (SD = 15.8).
More detailed information about the characteristics of the patients who participated in the included studies is provided in Table 1 .
Methodological Quality Judgment
In Table 2 , the Van Tulder scores are presented for the 15 studies that are included in this review.
The 2 coders disagreed on 20 of the 204 Van Tulder items, resulting in a mean Cohen's k score of .79, which was considered good. 38 After obtaining consensus on the differences in Van Tulder scores, the mean Van Tulder score of all included studies was 13.6 (SD = 1.7).
All studies were of acceptable methodological quality, as the lowest Van Tulder score equaled 11, which is well above the Van Tulder suggested cutoff point of 50% (=9.5). 29 The mean internal validity score for all studies was 7.2 (out of 10; SD = 1.4). The mean descriptive score for all studies was 4.6 (out of 6; SD = 0.8). Twelve out of the 15 studies had full scores for statistical criteria. The mean statistical score was 1.8 (SD = 0.4).
Use of Components in Task-Oriented Training Intervention and Their Relation to Intervention Effect Size
The two coders disagreed on 12 of the 255 components rated (255 = 17 interventions × 15 components), resulting in a mean Cohen's k score of .88 (SD = .15), which was considered excellent. 38 The articles included in this study used between 3 15, 16 and 11 34 training components. The average number of training components used was 7.8 (SD = 2.1). An overview of the training components that were used in each study is provided in Table 3 .
Six components, that is, "training that was functional," "use of a clear ADL goal," "use of real object manipulation," "use of exercise progression," "involving multiple movement planes," and "total skill practice" were included in at least 12 of the 17 interventions.
Two components were included in between 9 and 11 of the 17 interventions: "use of a patient customized training load" and "inclusion of bimanual task practice."
Seven components were included in less than 9 of the 17 interventions studied: "client-centered training," "use of frequent repetitions," "training in a context-specific environment," "exercise variety," "feedback on motor performance," "random," and "distributed practice."
No relation was found between the number of components used in a training intervention for improving arm-hand performance after stroke and the postintervention ES (r = .12).
All but 3 components were associated with large postintervention and follow-up MESs (Cohen > 0.5 33 ). Only clientcentered training, bimanual training, and total skill training were associated with medium ESs (Cohen 0.2-0.5 33 ). As explained earlier, the component "functional" (MES = 0.9) can be considered as a measure of comparison for the MESs of the other components. The components that were associated with the largest postintervention ES are (nonrelative values) "distributed practice" (MES = 2.39) and "feedback" (MES = 1.95). Also scoring high were "within task exercise variability" (MES = 1.72) and "random practice" (MES = 1.72). An overview of the RMES per component is given in Figure 2 for postintervention and in Figure 3 for follow-up.
For follow-up ES the median value of the component "functional" equals 1.24. The components that scored highest on follow-up ES (compared to baseline values) were "use of clear functional goals" (MES = 4.01) and "random practice" (MES = 2.95). Also scoring high were "context-specific environment" (MES = 2.03), "frequent movement repetition" (MES = 1.4), and "feedback" (MES = 1.4).
The studies that were training with acute stroke patients were associated with an MES (MES = 4.19) that was almost 4 times larger than the MES associated with studies that were training subacute (MES = 1.04) and chronic (MES = 1.17) stroke patients. However, 3 components that were linked to large ESs (feedback, random practice, and use of clear functional goals) were linked to studies with acute, subacute, and chronic patients. Therefore, it can be concluded that poststroke time did not influence the results presented for these components in this study. The component "distributed practice" only occurred in the category of acute stroke patients.
The following MES values were found for the training duration categories: (1) 3 to 4 weeks training (MES = 0.93, SD = 2.17), (2) 5 to 6 weeks training (MES = 1.17, SD = 0.62), and (3) 12+ weeks of training (MES = 2.99, SD = 1.8). Longer intervention duration does influence the MES, which is consistent with earlier results found in other taskoriented training interventions. 6 However, 3 out of 4 com ponents were well distributed over the different categories. The result for the component "distributed practice" may have been influenced by training duration as it only occurred in the category training of 12 weeks.
The MES values of the training intensity categories were (1) training less than 3 hours per week (MES = 1.1, SD = 0.8), (2) training between 3 and 4 hours per week (MES = 1.02, SD = 0.2), and (3) training more than 5 hours per week (MES = 1.6, SD = 1.9). One study 39 left the training intensity up to the patient and could therefore not contribute to this analysis. The components "clear functional goal," "feedback," and "random practice" were equally distributed along the different categories. However, the component "distributed practice" did only occur in the highest intensity category and may therefore have been influenced by this factor.
Discussion
The aim of this systematic review was (1) to identify taskoriented training components and (2) to assess whether the number of task-oriented components that were used in a training intervention is related to the treatment ES, and (3) to assess the possible influence of task-oriented training components on the treatment ES.
Although the use of more task-oriented training components did not lead to higher treatment ESs, several components could be identified that were used more frequently in interventions with a larger treatment ES than other components, namely, "feedback" and "distributed practice" (postintervention) and "clear functional goal" and "random practice" (follow-up). Substantial evidence exists for the positive effects of distributed practice, 40 random practice, 12 feedback, 10, 41 and clear functional goals 6, 42 for motor skill learning after stroke. However, there has been no research to date that compares their importance for training outcome. It is good to raise awareness for the importance of these components in a task-oriented training program as especially feedback, random, and distributed practice were reported in very few of the included studies (in only 6, 3, and 1 out of the 17 studies, respectively; Table 3 ).
The finding that distributed practice improves postintervention performance and random practice is linked to high follow-up outcome is supported by previous research. 13, 22 Distributed practice has been shown to result in better motor learning than massing practice sessions. 40 Possible explanations for the distributed practice benefit are that (1) less fatigue occurs than in mass practice, (2) the amount of cognitive effort that one is prepared to put is higher, and (3) there is more opportunity for memory consolidation processes. 22 Random practice leads to better retention of learned motor performance through the contextual interference effect (memory and performance disruption that lead to a learning benefit 12 ). Feedback is known to have positive effects on motor learning, although limited evidence is available for stroke patients. 41 The choice of appropriate and patient-customized feedback is very complex and depends on the location and type of the brain lesion 43, 44 and the stage of learning the patient is in. 45 The way feedback was delivered was poorly described in many intervention reports. For example, it is known that progressively reducing feedback frequency leads to a better retention of learning effects and better transfer effects. 25, 43, 46 It was not clear at all if this strategy was used. A clear functional goal is identified as an important component for treatment outcome at followup. Working with a clear functional goal is a manner of goal setting that may increase the efficiency and the effectiveness of rehabilitation. 47 Even after finishing the training, patients are more likely to keep on doing these functional goals and therefore obtain better results at follow-up.
A common feature of the 4 components linked to the highest ES is that they all optimize the storage of learned "skilled" (clear functional goal) motor performance in the long-term memory (see reasons given in discussion above). This may be the reason for their contribution to high treatment outcome.
The ESs that were linked to "client-centered training" were lower than expected. It is known that client-centered training increases the level of "active" participation of the patient in the rehabilitation process. 48 This has a positive influence on patient motivation, which is an important factor for motor learning as attention during training is enhanced and exercise repetition and treatment compliance are stimulated. 25, 49 The poor result for "client-centered training" in this review may be attributed to the fact that the aforementioned benefits could not be materialized during the clinical trial interventions, for example, because there was little control from therapists during home training, or by restricting the amount of repetitions or exercise duration to the one described in the exercise protocol or by not making use of the benefit from enhanced attention to "learn" (ie, store information in short-and long-term memory), for example, through very fast follow-up of exercises. Another cause for the poor result of this factor may be that clientcentered treatment focuses on very specific goals (eg, progressions in the real-life objects used) that are not always measurable with the tests that were used in the included studies. This emphasizes the need for theoretical frameworks to formalize client-centered treatment and to guide the application of client-centered care into clinical practice. 50, 51 Although there is not enough evidence for this component to be contributing to large treatment effects, it may be too early to dismiss it because of the early stage client-centered training is in with regard to its implementation in training interventions.
Methodological Considerations
Studies could not be compared with regard to ESs because of differences in training duration, dosage of task practice, severity at inclusion, and time since stroke ( Table 1) . The authors chose to investigate which MES corresponded to each component. In this case the differences that occurred between studies were similar for all components, except for the results of the component "distributed practice," which may have been influenced by poststroke time, training duration, and training intensity. The ESs reported were not only influenced by the training content but also by the use of different measurement instruments (18 different outcome measures in 16 interventions). Although these effects are spread across the different studies, greater standardization of outcome measurements in the future would benefit the field.
The extent to which identified training components were used (and evaluated) in the study could not be assessed. For example, feedback was mentioned, but not which type (knowledge of performance or knowledge of results feedback, visual or auditory or haptic feedback), the frequency (after each exercise or summary feedback), or the schedule (fading frequency schedules, feedback delay).
Several studies were excluded from this systematic review because the task-oriented training was not well specified. Also, studies using constraint-induced movement therapy were not included in this review. In CIMT trials the patient inclusion criteria and the manner in which task practice is taught to the patient (shaping principles 52 ) In the second column, v denotes a study that was used to calculate ES; 0 denotes a study that was not used to calculate ES. Abbreviation: ES, effect size. C le a r fu n c ti o n a l g o a l C lie n t-c e n te re d F re q u e n t re p e ti ti o n R e a l-lif e o b je c t m a n ip u la ti o n C o n te x t s p e c if ic E x e rc is e p ro g re s s io n W it h in -t a s k e x e rc is e v a ri e ty C li e n t-c e n te re d F re q u e n t re p e ti ti o n R e a l-li fe o b je c t m a n ip u la ti o n C o n te x t s p e c if ic E x e rc is e p ro g re s s io n W it h in -t a s k e x e rc is e v a ri e ty are highly specified. The baseline characteristics of the participants that were studied in the included trials of this review could not always be identified, especially with regard to impairment and activity levels. Also, the delivery of task training was generally not specified in relation to the problem-solving strategies that were stimulated. Because of the lack of comparability with the included trials, the CIMT randomized clinical trials were not included in this review.
Studies using technology-supported training (robotics, sensor technology) were not excluded from this systematic review. However, no publications of randomized clinical trials with technology-supported training were available that matched the inclusion criteria for this study. It will be very interesting to repeat this review when the results of ongoing research are published. 53 It was not within the scope of this review to find out which training components lead to larger ESs for different patient groups, for example, with regard to degree of impairment in function/performance. This is an area for future research. The authors advocate for a detailed description of the training intervention, including a description of training content, training intensity, and training load for published trials.
This systematic review suggests that it is important to include random and distributed practice, feedback, and clear functional goals in task-oriented arm training for persons after stroke to augment outcomes of skilled arm-hand performance.
